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1. Introduction 
Blastocladiella emersonii, a unicellular phycomycete 
represents a useful organism for experimental studies 
on the regulatory role of cyclic nucleotides (see ref 
[ 1 ] for a recent review of the cell cycle). Thus, the 
levels of CAMP** and cGMP** as well as enzyme activi- 
ties concerning their metabolism were found to 
change markedly during the life cycle [2-51. In all 
living systems so far studied, cGMP is synthesized via 
guanylate cyclase and hydrolysed via cyclic nucleotide 
phosphodiesterases. In principle, any alteration in the 
amount or activity of either of these two enzymes 
would affect the intracellular cGMP concentration. 
Thus, it is important to find out if these two enzyme 
activities are altered as a function of the cell cycle. 
cGMP levels in B. emersonii are low during the 
growth stage rising about SO- 1 OO-fold at a defined 
stage in its life cycle, during sporulation [3]. We have 
demonstrated that B. emersonii contains independent 
specific enzymes involved in the hydrolysis of CAMP 
and cGMP [6]. The present communication shows 
that the specific activity of cGMP phosphodiesterase 
dramatically changes throughout the life cycle of 
B. emersonii, particularly during germination and 
sporulation. The results indicate that the observed 
variation in cGMP levels when cells sporulate [3] 
reflects the changes in enzymatic activities, mainly 
in cGMP phosphodiesterase. 
*Predoctoral fellow of the Conselho National de Pesquisa and 
Universidade Federal de Pernambuco. 
**Abbreviations: CAMP, cyclic 3’,.5’-adenosine monophos- 
phate; cGMP, cyclic 3’,.5’-guanosine monophosphate. 
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2. Materials and methods 
2.1. Organism and growth conditions 
Stocks of B. emersonii were kept at 26°C on Difco 
PYG agar plates. Collection of zoospores, growth 
conditions and techniques used to induce sporula- 
tion were essentially the same as described elsewhere 
[2]. For germination experiments, zoospores obtained 
according to Soll et al. [7] were inoculated into DM,, 
growth medium [2] and the cell types scored by the 
‘spinner flask assay’ of Sol1 et al. [7] . 
2.2. Preparation of extracts 
Cells were harvested by centrifugation (3 min, 
1000 X g) at 4°C resuspended in a buffer containing 
50 mM Tris-HCl, pH 8.0, 5 mM MgClz 1 mM 
2-mercaptoethanol, 0.15 mg/ml of phenylmethane 
sulphonyl fluoride and 10% glycerol (v/v) (Buffer A) 
and lysed in the French press cell at rOO0 psi for 
the zoospores and 3000 psi for the vegetative cells. 
These crude preparations were assayed directly. 
2.3. Assay of the cGMP phosphodiesterase 
cGMP phosphodiesterase activities were determined 
as described [6]. A typical incubation mixture con- 
tamed in 0.1 ml of buffer A: 40 000-80 000 cpm 
[3H] cGMP (New England Nuclear); 100 uM unlabeled 
cGMP and 20-60 fig of protein extract. After 10 mm 
at 30°C the reactions were terminated by plunging 
the incubation tubes for 2 min into boiling water. 
50 pg of snake venom were added to each tube and 
incubation proceeded for another 15 min at 30°C. 
At the end of this period 1 .O ml of a 1: 3 slurry of 
Bio-Rad AGl X-2 resin was added to the mixtures. 
After centrifugation, radioactivity of 1 .O ml of the 
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supernatant was determined in a liquid scintillator 
spectrometer. For every enzyme activity determination, 
a zero time value was determined and subtracted 
from the experimental results. The results reported 
were always the mean of duplicate experiments. 
Protein was determined by the method of Lowry 
et al. [8] using bovine serum albumin as a standard. 
3. Results 
B. emersonii has a cGMP specific phosphodiesterase 
[6]. Under standard assay conditions, the specific 
activity of zoospore crude extracts lies between 
16-20 nmol/mg protein/l 0 min. 
Enzyme activities in homogenates from cells at 
different stages of growth have been measured and 
are listed in table 1. A marked decline in specific 
activity during germination, as compared to zoospore 
and germling activities, has been found. The enzyme 
activity remains constant at low levels throughout 
exponential growth, beginning to rise when the 
sporangia start papillae formation. 
The decrease in enzyme activity during germina- 
tion has been more closely followed in experiments 
on which distinct cell types characteristic of this 
transition were scored [7] . As can be seen in tig.1, 
the enzyme activity does not drop sharply during 
zoospore germination (as found to occur with CAMP 
phosphodiesterase [2]), but falls gradually, to reach 
its lowest levels only after transformation of round 
cells to germlings takes place. Further support for 
this observation was obtained in experiments in which 
Table 1 
oGMP phosphodiesterase ctivity in extracts of cells at 
different phases of growth 
Source of enzyme cCMP phosphodiesterase 
(nmol/mg protein/l 0 min) 
Zoospores 16-20 
Germlings 3.0 
2 h cells 1.5 
6 h cells 0.8 
Papillated cells 4-5 
Zoospores (4 X lO’/ml) were innoculated into DM, growth 
medium and at different times cells were harvested by 









Fig.1. cGMP phosphodiesterase ctivity during zoospore 
germination. Zoospores were obtained according to SOB et al. 
[ 71. Zero time corresponds tothe time of innoculation of 
zoospores into DM, growth medium. At different imes cells 
were harvested by centrifugation and the enzymatic activity 
determined. Percent of cell types at each point was determined 
by examination under phase contrast microscope [7]. (m--m) 
zoospores; (4-4) round cells; (0-o) germlings; (0-o) 
enzyme specific activity. 
germination was induced in the presence of cyclo- 
heximide. This drug blocks the conversion of round 
cells to germlings [9]. Data in fig.2 show that, under 
these conditions, the enzyme activity only dropped 
from 18 to 9 nmol/mg/lO min and remained at tms 
level. It would, thus, appear that conversion to 
germlings is necessary to accomplish total decrease 
in enzyme specific activity during germination process. 
Activity throughout sporulation was followed in 
experiments where growth was interrupted during the 
exponential growth phase by removal of nutrients and 
sporulation elicited by incubation in 0.1 mM CaSO+ 
The results obtained are shown in fig.3. At the time 
of growth medium replacement (6 h of growth) cGMP 
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Fig.2. &Ml phosphodiesterase activrty during germination in 
the presence of cycloheximide. Same procedure as in fig. 1. 
Cycloheximide (2 &ml) was added at zero time. (m--m) 
zoospores; (~-4) round cells; (o-o) enzyme specific 
activity. 
phosphodiesterase activity is low, in accordance with 
the levels found for growing cells (see table 1). The 
enzyme activity remained unchanged for about 2 h 
after induction of sporulation. However, after this 
period, phosphodiesterase activity rises sharply and 
reaches, at the time of spore release, levels 16-fold 
higher than those found in 6 h cells. 
4. Discussion 
This report documents a cyclic variation in cGMP 
phosphodiesterase activity during the life cyclic of 
B. emersonii. The enzyme activity is high in zoospores, 
gradually drops during germination, remaining low 
at the growth phase and rises again during the later 
stage of sporulation. 
The rise in cGMP phosphodiesterase activity during 
1 l 
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Fig.3. cGMP phosphodiesterase activity during sporulation. 
At zero time, cells previously grown for 6 h in DM, medium 
were harvested and resuspended in a 0.1 mM CaSO, solution. 
At different times samples were removed by centrifugation 
and cGMP phosphodiesterase activity determined. Arrow 
represents the time when the first cells to release zoospores 
were observed. At 4 h over 90% of the cells had sporulated; 
the released zoospores were selectively collected by filtration 
on a 30 PM mesh nylon net and their enzymatic activity 
was measured. (o-o) specific activity of the enzyme; the 
broken part of this curve does not obligatorily reflect enzyme 
synthesis but rather its compartmentation in the progeny 
zoospores. 
sporulation correlated well with the onset of intra- 
cellular cCMP accumulation, which occurs between 60 
and 150 min prior to cytokinesis and zoospore release, 
abruptly falling before the end of sporulation [3 ] . 
We observed that phosphodiesterase activity remains 
unaltered for about 120 min, and rises sharply after 
this time, reaching maximum activity in the newly 
formed zoospores. Thus, it can be proposed that the 
observed changes in phosphodiesterase activities may 
be responsible for the regulation of cGMP levels both 
during this stage of differentiation and in the zoo- 
spores, since guanylate cyclase activity increases at 
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least SO-fold during sporulation and is even higher in References 
the zoospores [4]. 
The regulatory mechanisms of cGMP levels during 
germination is far from being understood. At this 
stage of the life cycle zoospores lose more than 80% 
of their cGMP [3] as it occurs with the cGMP phos- 
phodiesterase. Therefore, the determination of 
guanylate cyclase activities during B. emersonii germi- 
nation might shed some light on the question of 
cGMP level regulation in this phase of the life cycle. 
Acknowledgements 
This work was supported by funds from the 
‘fundacio de Amparo a Pesquisa do Estado de Sao 
Paulo’ (Projeto Bioq/FAPESP). We are greatly indebt- 
ed to Drs L. Mennucci and W. Colli for their help in 
the preparation of the manuscript. 
[l] Lovett, J. S. (1975) Bacterial. Rev. 39, 345-404. 
[ 21 Maia, J. C. C. and Camargo, E. P. (1974) Cell Diff. 3, 
147-155. 
[ 31 Silverman, P. M. and Epstein, P. M. (1975) Proc. Natl. 
Acad. Sci. USA 72,442-446. 
[4] Silverman, P. M. (1976) Biochem. Biophys. Res. Commun. 
70, 381-388. 
[5] Vale, V. L., Gomes, S. L., Maia, J. C. C. and Mennucci, L. 
(1976) FEBS Lett. 67, 189-192. 
[6] Vale, M. R., Gomes, S. L. and Maia, J. C. C. (1975) 
FEBS Lett. 56,332-336. 
[7] SOB, D. R., Bromberg, R. and Sonneborn, D. R. (1969) 
Develop. Biol. 20, 183-217. 
[8] Lowry, 0. H., Rosebrough, N. J., Farr, A. L. and 
Randall, R. J. (1951) J. Biol. Chem. 193, 265-275. 
[9] Lovett, J. S. (1968) J. Bacterial. 96, 962-969. 
208 
